Recent variants of porcine circovirus type 2 (PCV2) were obtained from tissues of domestic pigs with porcine circovirus associated disease and from randomly selected wild boar samples from Serbia and Slovenia. A 450-base-pair nucleotide sequence was obtained by PCR from the ORF2. The derived nucleotide and amino acid sequences were aligned and compared to the corresponding region of closely related PCV2 sequences determined in previous years and retrieved from the GenBank. The 30 Serbian and 17 Slovenian PCV2 sequences clustered into three previously determined genotypes (PCV2a: 7), (PCV2b: 38) and (PCV2d: 2). Three major variable regions, concerning 29 amino acid position substitutions within the ORF2, were observed, which further supports the segregation of the detected strains into three separate genotypes. This study indicates that PCV2b is the predominant genotype in Serbia and Slovenia and the detected PCV2 strains are closely related to those previously described in Europe and in other parts of the world.
The porcine circovirus associated disease (PCVAD) caused by porcine circovirus type 2 (PCV2) has been associated with several clinical disease entities such as Postweaning Multisystemic Wasting Syndrome (PMWS), Porcine Dermatitis and Nephropathy Syndrome (PDNS) and Porcine Respiratory Disease Complex (PRDC). PCV2 strains were genetically typed in the United States, then in many European countries and also in Asia (Lipej et al., 2005; Cheung et al., 2007; Cadar et al., 2007; Guo et al., 2010) .
On the basis of the complete nucleotide sequences of PCV2 isolates from the United States, Europe and Asia, segregation into several clusters (genotypes) with different names has been published. The nomenclature is a bit confusing as Acta Veterinaria Hungarica 60, 2012 of today, but every grouping reflects three major genotypes, namely PCV2a (representative strain: Stoon 1010), PCV2b (representative strain: 48285) and PCV2c (representative strain: DK1980) (Cheung et al., 2007; Segales et al., 2008; Dupont et al., 2008) .
In this article, we report the genetic characterisation of 30 PCV2 strains from Serbia and the study of circulating field strains in Slovenia. The rapid and convenient partial sequencing of the ORF2 region revealed the genetic variability of PCV2 strains obtained from domestic and wild boars in both countries as compared to other PCV2 sequences published so far. The result of our analysis revealed the occurrence and genetic variability of all the three genotypes of PCV2 during a ten-year period.
Materials and methods

Field samples
Samples from Serbia. Tissue samples (spleen, lymph nodes and kidneys) from 85 domestic pigs and 15 wild boars (of different ages) with suspected clinical or pathological signs of PMWS, PDNS or PRDC and originating from the territory of 6 epidemiological districts located in the northern part of the country (territory of Vojvodina province) were included in this study. The samples were collected in the period between 2003 and 2006. The origin of the examined pigs was miscellaneous, including industrial farms as well as backyards. The wild boar samples were collected during surveillance of wildlife health. The autopsies and the molecular detection and characterization of the viruses were performed at the Scientific Veterinary Institute 'Novi Sad'.
Samples from Slovenia. Tissue samples (spleen, lymph nodes) from 23 pigs (age: 5 to 22 weeks) with multisystemic lesions and clinical signs of PMWS, collected in 2009-2010 were also included in the study. The animals were kept on 15 farms covering the entire territory of Slovenia. Six PCV2-positive samples designated SLO1, SLO2, SLO4, SLO5, SLO7 and SLO8 were detected from archived tissue samples of domestic pigs originating from the first reported cases of PMWS in Slovenia in 2001. The samples were collected during autopsies carried out at the National Veterinary Institute in Ljubljana. The molecular diagnosis and genetic characterisation of the viruses were performed in the Virology Unit.
Extraction of viral DNA
The protocol for the detection of PCV2 by PCR and sequencing was the same in both laboratories. Lymph node, spleen and kidney were kept frozen at -60 °C prior to DNA extraction. Total DNA was extracted from positive controls and unknown tissue samples using the QIAamp ® DNA Mini Kit (Qiagen, Germany) according to the manufacturer's instructions.
PCR and primers for detection of PCV2
The primers (PCV2-2A 5′-CAC CTT CGG ATA TAC TGT CAA-3′, genome positions 1563-1588 and PCV2-2B 5′-TAC ATG GTT ACA CGG ATA TTG TA-3′, genome positions 1083-1105) as well as the PCR protocol used for the detection of a 501-nucleotide fragment from the ORF2 of PCV2 have been published previously (Sandvik et al., 2001; Toplak et al., 2004) .
Sequencing of partial ORF2 and phylogenetic analysis
Forty PCR products of 501 nucleotides were used as templates in cycle sequencing reactions with the PCV2 primers .
Individual nucleotide (nt) sequences were assembled and proofread using the SeqMan and EditSeq programs in the DNASTAR program package (Lasergene Inc., USA). In addition to the 450-nucleotide-long sequences obtained from Serbia and Slovenia, the corresponding nt sequences of 47 PCV2 retrieved from the GenBank were included in the phylogenetic comparison (Table 1) . Seven previously obtained PCV2 sequences (named DP-1, DP-2, DP-3, DP-4, DP-5, DP-6 and DP-7) had been collected from randomly selected wild boars showing no clinical signs of PMWS in 2002 .
The nt sequences were translated to amino acid (aa) sequences with EditSeq (Lasergene Inc., USA) and aligned initially using the MegAlign software (Lasergene Inc., USA). Transition/transversion ratios for each set of aligned nucleotide sequences were estimated with the Puzzle4, whilst phylogenetic trees were constructed using the SEQBOOT, DNADIST, NEIGHBOR and CONSENCE programmes of the PHYLIP package, employing the maximum likelihood method of evolution, analysis of 1000 data sets and with PCV1 as an out-group. Phylogenetic trees were drawn with the TREEVIEW programme and the Inkscape programme available on the internet (http://inkscape.org/download/).
Results
In our previous study, PCV2 has been found in populations of domestic pigs affected by PMWS with a variety of clinical conditions (Toplak et al., 2002) , as well as from wild boars showing no clinical signs of the disease . In the present study, we demonstrate the phylogenetic analysis of PCV2 strains detected in domestic pigs and wild boars in Serbia, together with PCV2 demonstrated in domestic pigs in Slovenia between 2001 and 2010. The accession numbers of 46 PCV2 isolates and one PCV1 isolate obtained from different countries and used in our phylogenetic study are presented in the table. Seven isolates, designated DP-1 to DP-7 (Slovenia), were obtained from wild boar samples in 2002 . Forty PCV2 isolates originating from Serbia and Slovenia and analysed in this study are written in bold
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Genotyping of PCV2 from clinical cases of PMWS, PDNS and PRDC and PCV2 detected from wild boar samples
To examine the relationship among the PCV2 strains circulating in Slovenia and Serbia, a phylogenetic tree was constructed from the current 47 nucleotide sequences (30 from Serbia and 10 from Slovenia) deriving from PCV2-positive samples from this study, including 7 PCV2 sequences from Slovenian wild boars . Among 100 analysed samples collected in Serbia between 2003 and 2006, 30 samples were found to be PCV2 positive. The positive samples were detected in 16 municipalities (Sremska Mitrovica, Stara Pazova, Inđija, Irig, Ruma, Pećinci, Šid, Novi Sad, Temerin, Žabalj, Titel, Bačka Palanka, Kikinda, Subotica, Sombor, Pančevo). Twenty-six PCV2-positive samples were collected from domestic pigs in herds affected with PMWS, PDNS or PRDC based on clinical signs, gross pathological lesions and histopathological changes in lymphoid tissues. Four PCV2-positive samples were detected among 15 samples collected from wild boars showing no or mild clinical signs of PMWS and histopathological changes in lymphoid tissues. Among 30 PCV2 sequences determined in this study from Serbia, 11 different types of genome sequences (GenBank accession numbers JF79533-JF795343) were identified and categorised (Table 1) .
Seventeen PCV2-positive samples were obtained from domestic pigs (10 samples) and wild boars (7 samples) in Slovenia between 2001 and 2010. Among domestic pigs all PCV2-positive samples were detected on farms where at least one of the described clinical disease entities (PMWS, PDNS, PRDC) was associated with the detected clinical cases.
Diversity of PCV2 nucleotide sequences of isolates from Serbia and Slovenia and comparison with the published PCV2 sequences
Pairwise comparison of 450 nucleotides of the ORF2 sequence revealed high genetic diversity of the PCV2 strains detected. By comparing 30 and 17 PCV2 strains detected in Serbia and Slovenia, respectively, 17 distinct sequences were identified. The identity observed among the 47 PCV2 strains ranged between 89.5 and 99.8%. No direct relationship was observed between the PCV2 strains detected in the two countries and the geographic origin of the isolates. The detected PCV2 obtained from domestic pigs and from wild boar samples revealed genetically closely related strains in both species and the detection of sequences very closely related to those published from the European countries and also to PCV2 sequences published in other parts of the world. The majority of PCV2 detected in Slovenia (n = 10) and Serbia (n = 28) were grouped into genotype PCV2b with high genetic identity of 99.1 and 100% within genotype. When comparing 450 nucleotides of the representative strain 1043/05WBSrb to sequences available in the GenBank database, almost identical PCV2 strains were previously identified also in Japan, Denmark, Poland, Thailand, Spain, Sweden, Croatia, Australia, South Korea, China, Slovakia and Brazil (Fig. 1) . Three sequences from Serbia (1170/06Srb, 1507/06Srb and 1579/06Srb) were 100% identical to strains 949-2 and HuZ0901 detected in Japan and China, respectively. Genetically identical sequence of PCV2 with 100% nucleotide identity was confirmed between strain 1131/05Srb detected in Serbia and sample Vos6908/07 originating from Slovakia and also between the samples designated 4910/03Srb from Serbia and the sample DK538 in Denmark. A 100% nucleotide identity between PCV2 strains (SLO 1, SLO 4, SLO 8) isolated from domestic pigs in Slovenia between 2001 and 2003 was confirmed with PCV2 from Croatia (strain 50) and China (strain Hebei). Five unique sequences in genotype PCV2b detected in this study in Serbia (samples named 5918/04Srb, 5003/05Srb, 5581/ 03Srb, 5179/03Srb, 3714/06Srb, 9297/05WBSrb, 134/06Srb and 3905/03Srb) were not previously reported to the GenBank, but these sequences revealed nucleotide substitutions in one or two nucleotides to a closely related strain in the GenBank. The sequences of nine PCV2 samples from Slovenia (n = 7) and Serbia (n = 2) were grouped into genotype PCV2a. The detected identity of 450 nucleotides within PCV2a genotype among nine sequences was between 86.7 and 98.8%. The samples from domestic pigs (named SLO 2 and SLO 5) and from wild boars (DP-4, DP-2 and DP-6) detected in Slovenia in 2002 were closely related to strain 8093/05Srb detected in Serbia in 2005 and also to some PCV2 strains detected in Slovakia, Hungary, Austria, Germany and Canada. Another PCV2 strain (DP-5) detected in wild boars in Slovenia in 2002 was closely related (95.3-97.3% nucleotide identity) to strain GER3 from Germany detected in 2000 and to the strain detected in wild boars (WH-H-2) in Hungary in 2005. The PCV2 strain designated 3498/06Srb isolated from domestic pigs in Serbia was closely related (99.1%) to strain WB-H-5 detected in wild boars in Hungary. The strain named DP-3 detected in Slovenia in 2002 revealed 94-99% nucleotide identity to strains TH06, BDH, TZ60607 and LZ detected between 2006 and 2010 among domestic pigs in China and to a PCV2 strain detected in 2005 among wild boars in Germany (AY731470). The strains 3498/06Srb and DP-3 from this study are most closely related to strains clustered together within previously clustered sequences into genotype PCV2d.
Amino acid sequence variability found in isolates from Serbia and Slovenia in comparison to the published PCV2 sequences
The deduced amino acid sequences in length of 150 aa obtained from 17 distinct nucleotide sequences from this study including 150 aa of 47 PCV2 strains from other countries (Fig. 2) revealed that PCV2 strains were clearly separated into four separate clusters: PCV2a, PCV2b, PCV2c and PCV2d, each with an own branch. Within the genotype PCV2a the identity between 150 aa positions of ORF2 of PCV2 strains was 90-100%, while within genotype PCV2b it Acta Veterinaria Hungarica 60, 2012 Fig. 1 . Phylogenetic analysis of the partial capsid protein (450 nucleotides of ORF2: genome positions of nucleotide 1108-1557, numbering according to PCV2 strain DK442). An unrooted neighbour-joining tree was constructed from aligned nucleic acid sequences of 30 Serbian and 17 Slovenian sequences and 47 PCV2 sequences found in GenBank. The original names and GenBank accession numbers are presented in Table 1 was 97.3-100%, within three Danish archive samples representing genotype PCV2c 99.3-100% and within genotype PCV2d 92-100%. The alignment of 150 aa, starting with position 60 and ending with position 210, covering three variable regions of ORF2 revealed 29 positions with amino acid changes.
Discussion
PCV2 is the primary cause of PMWS in domestic pigs, but it is found also in herds not affected with PMWS and also in the wild boar population Cadar et al., 2010) . The aim of this work was to analyse the genetic variability of PCV2 detected in wild boars and suspected PMWS cases among domestic pigs in Slovenia and Serbia between 2001 and 2010. Previous studies have shown that ORF2-encoded 233 aa protein is suitable for genetic typing since it is the most variable in the PCV2 genome (Mahé et al., 2000; Olvera et al., 2007) . Phylogenetic analysis performed on the partial ORF2 nucleotide sequences of PCV2 from domestic pigs and wild boars showed that this part of the viral genome is a useful region for the analysis of genetic variability, and it segregated the PCV2 strains detected in our territory into three genotypes. The comparison of 17 Slovenian and 30 Serbian PCV2 strains in 450 lengths of nucleotides of ORF2 region with other sequences from the GenBank has demonstrated that even though this region is the most variable part of the PCV2 genome, some PCV2 strains exhibit high genetic stability and have remained on our territory since 2001, when the first PCV2b genotype strain (SLO 7) was detected.
According to the phylogenetic studies based on the complete genomic nucleotide sequences, PCV2 strains were clustered into two main genotypes designated PCV2a and PCV2b (Olvera et al., 2007) . Subsequently a new genotype, PCV2c, was established from three archive Danish samples designated as group 3 of PCV2 . Wang et al. (2009) reported that 49 Chinese PCV2 strains collected between 2004 and 2008 could be divided into four genotypes (PCV2a, PCV2b and two additional genotypes, PCV2d and PCV2e). The enormous number of complete genome sequences published in GenBank in the past few years from China, as compared to other parts of the world, also reflects the detection of additional genetic variants not reported previously (Wang et al., 2009; Guo et al., 2010; Zhao et al., 2010) . When comparing 450 nucleotides of the unusual strain DP-3 detected from wild boars in Slovenia in 2002 to the closest strain in GenBank in the year 2011, several PCV2 strains detected in China (GS11-EU547459, GS-DQ151643, SCNB/CHA/05-FJ998185, LZ-DQ363860) and one strain detected in Germany (AY713470, Knell et al., 2005) were closely related (98-99% nucleotide identity) to the DP-3 strain. Another PCV2 strain from genotype PCV2d detected in Serbia in domestic pigs shares 98% nucleotide identity with the Hungarian strain WB-H-5 isolated from wild boar (Cságola et al., 2006) , but grouping of samples into genotype PCV2d can be valid only for this analysis, because short sequences were compared. Probably PCV2a and PCV2d are old groups of PCV2 present in our territory as an inapparent infection among domestic pigs and wild boars, but the existence of viruses from genotype PCV2b reflects the intensive trade in farmed pigs observed in many countries.
Recently, several authors (Cheung et al., 2007; Olvera et al., 2007; Dupont et al., 2008) have reported that PCV2 strains detected before the year 2003 were mainly of the PCV2a genotype (group 2). Later on a global shift occurred and in the majority PMWS and other cases strains of the PCV2b genotype (group 1) were detected. This observation supports the concept that PCV2b may be a more pathogenic form of PCV2 than PCV2a, which is predominant in healthy herds (Wang et al., 2009) (Jemeršić et al., 2004; Lipej et al., 2005) .
The nucleotide/amino acid substitutions detected in the ORF2 support the results of earlier epitope-mapping studies. The genetic marker suggested by Cheung et al. (2007) for the discrimination of 'old' and 'new' genotypes of PCV2 strains at positions 86-91 was observed also in four positive samples reported from Slovenia (DP-4, DP-5, DP-6, SLO5) between 2001 and 2002 and in one sample found positive in Serbia in 2005 (8093/05Srb). In this study, the results of 150 amino acid comparisons of 47 partial capsid proteins revealed 17 unique amino acid sequences, which can be explained by the persistence of the virus for many years in our territory and the introduction of PCV2 strains from many different sources. These results also suggest that the PCV2b group is dominant in Serbian and Slovenian pig herds and it is present not only in the domestic pig populations but also in wild boars.
Acta Veterinaria Hungarica 60, 2012 Fig. 2. Phylogenetic tree based on the comparison of 150 amino acid sequences of PCV2 isolates, showing 17 distinct nucleotide sequences from Serbia and Slovenia and including 27 PCV2 isolates from other countries ( Table 1) . The dendrogram represents a tree constructed using the MegAlign programme
